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Figure 1. Location of a bridge abutment in a floodplain of compound channel.
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1- Volume of Fluid Function
2- Fractional Area/Volume Obstacle Representation
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Figure 2. Plan and cross section of Sadiq Laboratory channel (1994).
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Figure 3. Sketch of the solution domain and grid layout.
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2- Large Eddy Simulation Models
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Table 1. Grid Analysis of the computational domain.

G| P P
? Ax (cm) Ay (cm) Az (cm) U (m/s)
Mode Number
Jsl
4-200 3-6 5 0.772
First
£ 2-120 1.5-4 2.5 0.835
Second
f~ 1-80 1-3 1.5 0.831
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Figure 4. Comparison of laboratory model results with numerical model (A) The length of abutment is 305

mm, (B) The length of abutment is 457 mm.
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Figure 5. (A) Plan of Compound channel, (B) Cross-section D-D.
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Figure 6. Geometric view of FLOW-3D model (A) Meshing for abutment length of 90 m, (B) The second mesh
block with elliptical guide wall, (C) The second mesh block without guide wall.
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Figure 8. (A) Momentum exchanging calculation area (mm-nn), (B) Momentum calculation cell per meter of width.
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Figure 9. Momentum exchange diagram between (A) 5 m in the main channel and floodplain, (B) 2 m in the
main channel and floodplain, (C) 2 m in the transient area and floodplain, (D) 2 m in the main channel and

transient area.
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Abstract

Background and Objectives: As the free surface elevation of water rises in the main channel
and crosses the floodplain boundary, because of different roughness coefficient and velocity
between the main channel and the floodplain, the flow in the main channel move more
acceleration than those in the floodplains and there will be strong momentum exchange between
the flows in the intersection of the main channel and the floodplain. This momentum exchange
generates vortices in the intersection of the main channel and the floodplain and reduces the
high velocity flow energy of the main channel and adds to the low velocity flow energy of the
floodplain. Also momentum exchange reduces the discharge of the main channel, increasing the
discharge of the floodplain and decreasing river transmission capacity. At the intersection of the
main channel and the floodplain, due to the shear layer, the potential of instability and scour are
high. Recognition the bed shear stress and momentum exchange in the compound channel,
especially in the intersection of the main channel and floodplain, helps to make more accurate
calculations related to the protection of the riverbed and determine the protection methods. In
this study, the parameters of bed shear stress and flow momentum are quantified and
investigated in conditions where the compound channel, bridge abutment length in the
floodplain and the type of guide-wall simultaneously affect the flow pattern.

Materials and Methods: In the present study, three-dimensional numerical analysis is
performed to investigate the bed shear stress and momentum exchanging between the floodplain
and the main channel in a symmetric trapezoidal compound channel by using FLOW-3D. After
validating the mentioned model using the available experimental results, the bed shear stress
and momentum exchange between the floodplain and the main channel for different bridge
abutment lengths in cases with and without elliptical guide-wall have been investigated.

Results: The bed shear stress in the case with the elliptical guide wall compared to the case
without ones increased in the main channel and decreased in the floodplain. Shear stress in the
main channel has increased up to 25.5% and decreased up to 36.63% in the floodplain. The
momentum exchange in the elliptical guide-wall case has increased up to 78.5% compared to
without guide-wall case.

Conclusion: One of the remarkable results is that the bed shear stress in the floodplain
decreases in the case with the elliptical guide-wall which improves the conditions at the bridge
abutment. But increasing the shear stress in the main channel causes the conditions of the piers

* Corresponding Author; Email: a.mahjoob@bhrc.ac.ir
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located in the main channel become more critical. Also, in the case of abutment with the
elliptical guide-wall, the momentum exchange between the floodplain and the main channel
increases compared to in the case of abutment without the guide wall, which increases the shear
stress and generates vortices at intersection of the floodplain and the main channel.

Keywords: Bed Shear Stress, Bridge abutment, Compound Channel, Flow-3D, Momentum
Exchange
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